INTRODUCTION

86
Our studies began when WDR5 was identified from a genomic analysis of congenital heart 87 disease (CHD) and heterotaxy patients (Zaidi, et al., 2013) . Heterotaxy (Htx) is a disorder of left-88 right patterning that can have a severe effect on cardiac patterning and function (Sutherland and 89 Ware, 2009) . A patient with a de novo missense mutation (K7Q) in WDR5 exhibited a 90 conotruncal defect and a right aortic arch (normally the arch is on the left) (Zaidi, et al., 2013) .
91
How this chromatin modifier might affect a specific phenotype such as cardiac development was 
95
Importantly, patients with CHD and Htx suffer from high postsurgical morbidity and mortality 96 often associated with respiratory complications, a result of cilia dysfunction in MCCs (Garrod, et 
114
RESULTS
115
WDR5 is essential for cilia in MCCs
116
In a separate report, we describe the role of WDR5 in left-right patterning via regulation of 117 ciliogenesis in the left-right organizer (Kulkarni et al submitted). Because respiratory 118 complications are an established co-morbidity in CHD patients with Htx (Li, et al., 2015;  119 Nakhleh, et al., 2012; Swisher, et al., 2011) , we also examined the cilia in the MCCs of the
120
Xenopus embryonic epidermis, which is the focus of this study. In Xenopus, the embryonic 121 epidermis has an array of MCCs that provide an ideal model to study cilia assembly and 122 function (Werner and Mitchell, 2013) . Wdr5 depletion resulted in a dramatic loss of cilia, 
131
To test the specificity and efficiency of our Wdr5 depletion, we employed multiple tests. First, we 132 detected a reduction in Wdr5 protein in morphants by Western Blot that is partially rescued by 133 injecting human wildtype (WT) WDR5 mRNA ( Figure S1A ). We tested the specificity of our
134
Wdr5 antibody by serial dilution of a blocking peptide that reduced Wdr5 signal on the Western 135 Blot ( Figure S1B ). Third, injecting a scrambled MO did not result in any change in cilia driven 136 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/153361 doi: bioRxiv preprint first posted online Jun. 21, 2017; flow compared to WT embryos ( Figure S1C ). Fourth, co-injecting a wildtype human WDR5 137 mRNA in wdr5 morphants rescued the flow defect, confirming the specificity of our knockdown
138
( Figure 1B ,C, Video S1).
140
The WDR5 patient had a de novo K7Q missense mutation (Zaidi, et al., 2013) 
144
to rescue ciliary flow defects in wdr5 morphants supporting the hypothesis that it is a loss of 145 function allele (Zhu, et al., 2017) (Figure 1D ). In sum, we conclude that the Wdr5 depletion by
146
MO is specific, and Wdr5 is essential for ciliogenesis in the MCCs.
148
WDR5 has an H3K4 independent role in ciliogenesis in MCCs
149
WDR5 is a core subunit of the MLL/SET1 H3K4MT complex and has been studied extensively 
155
Previous biochemical studies have identified that one face of the WDR5 beta-propeller binds to 
158
disrupts the assembly and activity of the H3K4MT complex (Patel, et al., 2008b 
165
WDR5 is localized near the base of the cilium
166
To identify an alternative, non-H3K4 role for Wdr5 in MCCs, we overexpressed a human WDR5-
167
GFP construct in Xenopus embryos. As expected, we did detect GFP signal in the nucleus but 168 also in a punctate pattern near the apical surface of the MCCs, reminiscent of basal bodies 169 (Figure 2A,B) . We verified that WDR5-GFP is functional and localized appropriately by injecting 170 WDR5-GFP mRNA in wdr5 morphants to rescue cilia driven flow defects ( Figure S1D ). Even 
179
WDR5 is located near the base of cilia.
181
The WDR5 patient mutation, K7Q, fails to rescue cilia driven flow. One possibility is that the 182 K7Q protein variant fails to localize to the base of cilia. To test this hypothesis, we tagged 183 WDR5 (K7Q) with 3xGFP and overexpressed it in Xenopus embryos ( Figure S2 ). Contrary to 184 our hypothesis, WDR5 (K7Q)-3xGFP was localized near the bases of cilia suggesting a variant rescues cilia driven flow, we hypothesized that the role of WDR5 in ciliogenesis in MCCs 188 is via its localization at the ciliary base.
190
Wdr5 is necessary for basal body patterning and polarization
191
To understand how WDR5 localization translates into its function, we organized our analysis 
202
We first examined basal body migration and distribution at the apical surface. In WT embryos, 
235
Wdr5 is essential for apical expansion and actin enrichment in MCCs
236
To dissect the timing of Wdr5 function, we examined an earlier step (step 3, Figure 4A ) of MCC 237 formation. MCCs originate in the basal layers of the epidermis and are then inserted apically to 238 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/153361 doi: bioRxiv preprint first posted online Jun. 21, 2017; form the superficial epithelia (Stubbs, et al., 2006) . Once inserted, the apical surface of the MCC 239 must expand to generate the surface area necessary to host hundreds of cilia ( Figure 4A ).
240
Measuring apical cell surface area, we discovered that MCCs are inserted but are smaller in 
273
To independently investigate a scaffolding function of WDR5 between the basal bodies and the 274 actin lattice, we employed a co-immunoprecipitation assay. We immunoprecipitated 275 endogenous WDR5 from RPE cells and detected both actin and -tubulin, which suggests a 276 physical interaction of WDR5 with actin and -tubulin ( Figure S3 ).
278
The Wdr5-basal body complex interacts dynamically with actin during apical expansion
279
Given the interaction of WDR5 with F-actin and its importance in organizing apical actin, we 280 hypothesized that WDR5 first localizes apically to organize the actin lattice and then interacts 281 with the basal bodies providing a "docking" site. To test this hypothesis, we used live imaging to 282 monitor these proteins during MCC apical expansion. First we observed WDR5-GFP and to our 
291
WDR5 stabilizes F-actin in the MCCs
292
The F-actin network is a dynamic structure and is undergoing continuous assembly and 
323
Building a MCC is a complex biological process, which involves not only cell migration and 
356
Finally, our results emphasize the importance of patient driven mechanism discovery. Recent 
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Human WT-WDR5, S91K-WDR5 and K7Q-WDR5 were PCR cloned in frame into the 3xGFP 407 vector. We injected 400pg wild type human WT-WDR5, WDR5-GFP, K7Q-3xGFP and S91K- 
Research Laboratories, rabbit 1:12000, mouse 1:16000, goat 1:5000: for western blot) were 
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Supernatant was incubated with a respective antibody for 1-2 hrs, followed by overnight 
458
Quantifications of changes in protein level were calculated using ImageJ software from NIH.
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See also Figure S1 ; Movies S1-S4. 
478
487
WDR5 signal is lost after incubating the antibody with the blocking peptide.
488
See also Figure S2 . 
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See also Figure S3 . 
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